Abstract
To elucidate the importance of SUMOylation of AR for male bone metabolism, we used a 8 referred to collectively as SUMO2/3. In contrast, SUMO2/3 share only 50% similarity with 50 SUMO1 (Wilkinson and Henley 2010) . AR SUMOylation is a reversible process achieved by 51 a family of SUMO proteases termed Sentrin/SUMO-specific proteases (SENPs) (Poukka, et 52 al., 2000) . 53
In humans, AR SUMOylation occurs within the N-terminal domain of the protein at Lys386 54 (Lys381 in mouse) and Lys520 (Lys500 in mouse). In vitro experiments established that 55 reversible SUMOylation is a mechanism for regulation of AR function (Poukka et al., 2000) . 56
The initial in vitro studies indicated that AR SUMOylation mainly reduced AR activity, while 57 a subsequent more detailed functional in vitro study revealed that AR SUMOylation also lead 58 to increased AR-dependent transcription (Kaikkonen, et al. We used a genetically engineered mouse knock-in model devoid of AR SUMOylation at the 81 two lysine residues at the exon 1. In the mutant mice these two conserved lysine residues 82 were replaced by arginine residues (K381R and K500R) using site-directed mutagenesis to 83 permanently abolish the SUMO attachment (Fig 1A) . The targeting construct was verified by 84 sequencing. The mice were generated using standard techniques by applying homologous 85 recombination in the mouse ES cells, using a fragment containing exon 1 with the mutations 86 and a Neo cassette. The Neo cassette was then removed in vitro, and mutated mice were 87 generated via routine techniques using blastocyst injection. After establishing the mouse line 88 the genotypes of the mice were verified by PCR on ear biopsies. The female mice 89 heterozygous for the targeted allele on the X-chromosome were crossed to male C57BL/6J 90 wild type (WT) mice resulting in 50% WT males (=control male siblings) and 50% males 91 Fig 1A) . Six-month-old AR SUM-mice were apparently healthy and had 186 normal AR mRNA and protein levels in both seminal vesicles and bone, demonstrating that 187 the targeting strategy did not influence AR expression (Fig 1B, C) . In addition, the serum 188 levels of testosterone were not affected in the AR SUM-mice (Fig 1D) Table  204 2). Analysis of the cortical bone compartment using µCT demonstrated decreased cortical 205 area (-12.1±2.2%, P<0.001; Fig 2B) and cortical thickness (-7.3±2.0%, P<0.05; Fig 2C) of 206 femur in adult AR SUM-male mice compared with WT mice. The decreased cortical thicknessM A N U S C R I P T
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was mainly due to decreased periosteal circumferences (-5.6±1.6%, P<0.05; Table 2 ). A 208 reduced periosteal circumference was supported by that the total bone area was decreased by 209 11.9% (P<0.001) in femur of AR SUM-compared with WT mice when evaluated using static 210 histomorphometry (Table 2) . Neither cortical volumetric density nor cortical porosity was 211 affected in the AR SUM-male mice compared with WT mice (Table 2) . Three-point bending 212
analyses of the tibia diaphysis revealed that the stiffness but not the maximal load was 213 significantly reduced in the AR SUM-mice compared with WT mice (Table 2) . 214 215
Male mice devoid of AR SUMOylation display reduced bone formation 216
Static and dynamic histomorphometry was used to determine the mechanism for the reduced 217 bone mass in male AR SUM-mice. Static histomorphometry revealed that the number of 218 osteoblasts per bone perimeter was substantially reduced (-60.5±7.2%, P<0.001) while no 219 significant effect was observed on the number of osteoclasts or osteocytes in the trabecular 220 bone of male AR SUM-mice compared with WT mice (Fig 3A-C) . Dynamic histomorphometric 221 analysis demonstrated reduced trabecular bone formation rate (BFR; -32.6±7.4%, P<0.05) in 222 AR SUM-mice compared with WT mice (Fig 3D) . The decreased BFR in the AR SUM-mice was 223 mainly due to decreased mineralizing surface per bone surface (MS/BS; -24.3±3.6%, 224 P<0.001), whereas the mineral apposition rate (MAR) was unaffected ( Figure 3E-F) . 225
Dynamic histomorphometry of the diaphyseal cortical bone in femur did not identify any 226 significant difference in periosteal or endosteal BFR in six-month-old male AR SUM-mice 227 compared with WT mice (Table 2) . Neither serum levels of C-terminal type I collagen 228 fragments (CTX) nor serum levels of osteocalcin were significantly affected in the AR SUM-229 mice compared with WT mice (Table 2) . M A N U S C R I P T 
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